Abstract: Many tourism destinations characterized by spring blossom festivals (e.g., cherry blossom festival) became increasingly popular around the world. Usually, spring blossom festivals should be planned within the flowering period of specific ornamental plants. In the context of climate and phenological change, whether the administrators of tourism destinations had perceived and responded to the flowering phenological variability is still unknown. Using the data of climate, blossom festival dates (BFD) of three tourist attractions, and first flowering dates (FFD) of specific species in Beijing, China, we analyzed the flowering phenological response to temperature and the impact of FFDs on BFDs from 1989 to 2016. It was shown that the flowering time of ornamental plants varied significantly among years in response to temperature variability. The administrators of Beijing Botanical Garden and Yuyuantan Park determined peach BFD and cherry BFD based on their experience rather than FFD of corresponding plants. Therefore, the mismatch between BFD and FFD occurred frequently at these two locations. However, the administrator of Jingshan Park scheduled the peony BFD following the variance of FFD of tree peony. These results revealed the various perceptions of climate change impacts for stakeholders of blossom festivals.
Introduction
Due to the natural and anthropogenic substances and processes, the global surface temperature increased by 0.85 • C from 1880 to 2012 [1] . Global warming has impacted numerous biophysical systems such as cryosphere, terrestrial biological systems, agriculture and forestry [2] . As a vital component of the global economy, nature-based tourism relying on a high diversity of tourism resources was also affected by climate change in various ways. Warmer temperatures could impact tourism through altering seasonality of destinations, heat stress for tourists, and plant-insect relationship and distribution [3] [4] [5] . For example, in Rocky Mountain National Park, the United States, the net effect of climate change on visitation was slightly positive based on a visitor survey [6] . Canada's national parks were anticipating a higher visitation of 6-8% under two climate change scenarios for the 2020s [7] .
Many tourism destinations around the world are characterized by spring blossom festivals or events. For example, the national cherry blossom festival in Washington, DC, USA, attracted more than 1.5 million tourists in recent years [8] . More than 1.18 million people visited Beijing Botanical Garden, China to attend the peach blossom festival in 2017 [9] . Since these blossom festivals are culturally and economically important events, they should be timed around specific phenophases, such as flowering date of cherry or peach trees [10] . In temperate regions, these phenophases are very sensitive to small changes in temperature [11] [12] [13] . The advancement in flowering dates is estimated as 1 to 12 days for each 1 • C increase in spring temperature [14] [15] [16] . Recent studies demonstrated that the flowering date of main woody plants in temperate regions shifted towards earlier by a rate of 2.0 to 9.6 days decade −1 over the last few decades across Europe [17, 18] , East Asia [19, 20] , and North America [21, 22] .
Rapid climate change may cause a mismatch between the date of flowering and blossom festival. For example, the cherry trees have been blooming earlier in recent years, which caused a mismatch between peak blooms and the parade that highlights the end of the festival [10] . Such conditions would reduce the degree of satisfaction of visitors and success of the events. Therefore, the blossom festivals need to be planned as nearly as the flowering period of corresponding ornamental plants. To date, blossom festivals are mainly administrated by local organizations. For example, the cherry blossom festival in Washington DC is organized by the National Cherry Blossom Festival, Inc. (Washington, DC, USA) [8] . In Japan, cherry blossom festivals are organized by the staffs of local governments from Department of Tourism or board members of the Tourism Association [23] . Whether the organizers of these festivals have perceived the climate-associated phenological variation is still unknown.
As the capital of China, Beijing has a wealth of tourism resources. Among numerous tourist attractions, the destinations with spring blossom festivals become increasingly popular and account for a considerable portion of tourism income [24] . In Beijing, these festivals are organized by the administrative office of the tourist attractions. We wonder whether the organizers could perceive early or late spring flowering time and how they respond to it. In this study, we investigated variances in the first flowering dates of three key ornamental plants in Beijing since 1989 and highlighted the role of temperature in modulating flowering phenology. Subsequently, we analyzed the changes in start dates of blossom festivals at three tourist attractions and their relationship with flowering phenology; whether there was a good match between flowering time and festivals; and why matches or mismatches occurred.
Materials and Methods

Study Locations
All tourist attractions investigated in this study are located in Beijing, China. The mean temperature of the warmest month (July) and coldest month (January) in Beijing are 26.7 • C and 3.1 • C, respectively [25] . The annual mean precipitation was 532 mm, 78.6% of which occurs during summer and early autumn (June-September). Under this temperate monsoon climate, most of the plants began to flower in spring, especially in April [26, 27] . Three famous tourist attractions of Beijing, where the blossom festivals of particular ornamental species were held every year, were selected for investigation, including the Beijing Botanical Garden, Jingshan Park, and Yuyuantan Park ( Table 1) . The main ornamental plants at these locations are peaches (Prunus spp.), peonies (Paeonia spp.), and cherries (Prunus spp.), respectively. 
Phenological and Meteorological Data
The phenological data from 1989 to 2016 were obtained from the China Phenology Observation Network (CPON). As many varieties of peach, peony, and cherry species were grown at the three locations, CPON did not observe the flowering phenology of all varieties. The only available data is the first flowering date (FFD) of three representative species (Table S1) including Chinese wild peach (Prunus davidiana), tree peony (Paeonia suffruticosa), and Yoshino cherry (Prunus yedoensis). All these species are woody plants pollinated by insects. According to the observation criteria of CPON [28] , FFD was defined as the date when at least one fresh flower blooms at any cluster for the whole plant. It was worth noting that the FFD data were missing during 1998-2000 due to the observation interruption. Thus, the observation data involved two periods including 1989-1997 and 2001-2016. Monthly mean temperatures in Beijing from 1989 to 2016 were obtained from China Meteorological Data Service Center (Table S2) .
Three blossom festivals were investigated, including peach blossom festival (since 1989) at Beijing Botanical Garden, peony blossom festival at Jingshan Park (since 2001), and cherry blossom festival (since 1989) at Yuyuantan Park. The first day of the blossom festival date (hereafter called BFD) was were obtained from the Yearbook of Beijing's Parks (Table S3 ). How the administrators of these attractions establish BFD is unknown. We expect that climate and flowering phenology would impact their decision making for the festival schedule.
Statistical Analyses
First, we analyzed the mean value, amplitude, and trends of FFD of specific species and BFD at the three locations. The trends in FFD or BFD over time were computed as linear regression coefficients for the time series.
Second, to study the relationship between flowering phenology and temperature, FFDs of three key species were correlated by Pearson's correlation with mean temperatures of one month, two months, and three months before the average onset dates. The highest Pearson's correlation coefficient (R) of these three months served as a measure for the temperature responsiveness of the respective phenophase. The temperature sensitivity of FFD was measured as slopes of linear regressions of the annual FFD against the mean temperature of the best-correlated months.
Third, we investigated the factors impacting the BFD. We expect that three factors may affect the determination of BFD for administrators, including FFD of the current year, FFD of the previous year, and BFD of the previous year. Thus, BFD was correlated to these three factors to examine which one impacted the BFD most significantly.
At last, we investigated the matching degree of BFD and FFD for each location. The year-to-year BFD or FFD could be divided into three types by the following equations
where x i represents FFD or BFD in year i. x is the multi-year mean of FFD or BFD. S is the standard deviation of FFD or BFD. Equations (1)- (3) represent types of later, normal, and earlier FFD (BFD), respectively. If FFD and BFD belong to the same type in a particular year, this year is marked as a matched year. Otherwise, a mismatch occurs. In such a way, the year-to-year changes in matching degree between FFD and BFD could be calculated. 
Results
Changes in First Flowering
Flowering Phenology in Response to Temperature Change
The flowering time of three species (Chinese wild peach, tree peony, and Yoshino cherry) correlated negatively and significantly with the temperature of the preceding months (p < 0.01, Figure 2 ), suggesting that earlier FFD was associated with higher temperatures. For all the three species, mean temperature during two months before mean FFD impacted the flowering time most significantly with the strongest Pearson's R ( Table 2 ). The temperature of the preceding two months could explain a large part of the interannual variance of FFD with R 2 ranging from 0.40 to 0.83. 1 • C increase in preseason temperature could lead to an advance of 3.73 to 4.75 days in the FFDs of these three species (Table 2 ). 
Changes in Blossom Festival Date
During the study period, mean BFD of peach, peony, and cherry was 4 April, 20 April, and 1 April at Beijing Botanical Garden, Jingshan Park, and Yuyuantan Park, respectively (Figure 3 
Impact of Flowering Phenology on Blossom Festival Date
The peach and cherry BFD was significantly correlated with the BFD of the preceding year (p < 0.01, Figure 4) . However, there is no significant relationship between BFD and FFD in the current or preceding year for Chinese wild peach and Yoshino cherry. Therefore, the administrators of the Beijing Botanical Garden and Yutuantan Park determined the peach and cherry BFDs based on their experience in the preceding year rather than the actual flowering date. Conversely, the peony BFD was significantly correlated with FFD of tree peony in the current year (R = 0.578, p < 0.05) rather than the FFD or BFD of the preceding year (Figure 4) . 
Matching Degree between BFD and FFD
We compared matching degree between BFD and FFD for two observation periods of FFD (1989-1997 and 2001-2016) . From 1989-1997, the mismatch between peach BFD and FFD of Chinese wild peach at Beijing Botanical Garden occurred in three years (1989, 1995, and 1997) , which accounted for 33.3% of the total number of years (Figure 5a ). During 2001-2016, the mismatch occurred in 10 years, which accounted for 62.5% of the total number of years. Therefore, the matching degree between BFD and FFD decreased in recent years at Beijing Botanical Garden. At Jingshan Park, the matching degree between peony BFD and FFD of tree peony was high (Figure 5b 
Discussion
This study revealed that the FFD of ornamental plants in Beijing exhibited no significant linear trends from 1989 to 2016. However, other studies using the FFD time series since 1963 found clear advancing trends in FFD of woody plants in Beijing [26] . In fact, an abrupt temperature increase occurred in the late 1980s in Beijing [26] . Therefore, although an overall significant earlier FFD was found since 1963, such a trend cannot be detected from 1989 to 2016 due to a relatively short time series. This result indicated that the period influenced the trend estimate of phenophases, which was also suggested by other studies [12, 19, 29] . Although no significant trends were found, FFD of three ornamental plants still had a strong interannual variance with a standard deviation of 6.3 to 7.9 days, which was in accordance with FFD time series observed in other parts of the world [12, [30] [31] [32] . Such a high variability in the flowering date further hampers the detection of trends in flowering phenology.
The year-to-year variability of FFD is impacted by the preseason temperature, especially two months before FFD onset. Thus, the temperature is an important driving factor of the flowering phenology in Beijing, like other areas of temperate Northern Hemisphere [33, 34] . In this context of climate-associated flowering phenological variance, we expect that the administrators from the administrative office of parks or gardens, who organized the blossom festivals, would adjust their schedule of BFD. As expected, the amplitude of BFD among years reached 35, 25, and 25 days at the Beijing Botanical Garden, Jingshan Park, and Yuyuantan Park, respectively. The peach and cherry BFD even exhibited a significant advancing trend of 8.4 and 5.8 days decades −1 , respectively, from 1989 to 2016.
Although the BFD exhibited significant changes, whether such changes are impacted by flowering date of ornamental plants was uncertain. This study proved that not all the administrators of the tourist attractions were aware of the climate-associated phenological variance. At Jingshan Park, the peony BFD tracked the FFD of tree peony well. However, the administrators of Beijing Botanical Garden and Yuyuantan Park were conservative. They determined the BFD more likely according to the date of the preceding year. Once the BFD was settled on an earlier date, they tended to not change the date too much in the coming years. This result was similar to the results on cherry blossom festival in Japan. Through personal interviews, it was found that most organizers of the festivals in Kakunodate were concerned about global warming and its impact on cherry blossom times while organizers of festivals in Nakano and Komoro felt it was unimportant if flower timing affected the festival schedule [23] .
If the start dates of the festival were earlier or later than the flowering date, the mismatch between BFD and FFD occurred and would make visitors miss flowers. If such mismatches occurred too frequently, it would reduce the number of visitors and thus reduce revenues of shops, booths, and hotels around the tourist attractions. At Beijing Botanical Garden, mismatches had happened very frequently in recent years, which partly contributed to an 11.43% reduction in the number of visitors in 2017 compared to 2016 [9] . At Jingshan Park and Yuyuantan Park, the administrators of blossom festivals could to some extent perceive early or later flowering time. The high matching degree between BFD and FFD is conducive to the sustainable development of spring flower tour at these attractions.
Overall, flowering time of ornamental plants showed a strong interannual variation in response to climate variability. The administrators of one tourist attraction (Jingshan Park) could respond the climate-associated flowering time and plan the blossom festival adequately, while others (Beijing Botanical Garden and Yuyuantan Park) determined BFD according to their experiences and could lead to a mismatch between BFD and flowering time. To avoid future mismatches between festivals and flowering dates, the actions of different institutions are needed. The local meteorological department could provide observed and predicted temperature data. Based on these data, the research institutes which manage the phenological observation network could develop phenological models (e.g., [35, 36] ) to provide an accurate short-term prediction of flowering dates of ornamental plants, and then the administrative offices of tourist attractions could select the predicted flowering date to hold the blossom festivals.
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